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(54) SOLID POLYMER TYPE FUEL BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an off-gas heating device excellent in 
humidification performance. 

SOLUTION: A humidifier comprising first and second humidification blocks 4 and 
5 is connected to a fuel battery main body 7 through a spacer 6. The air, which is 
a reactive gas, is allowed to flow from a reactive gas 1 1 to the first humidification 
block 4 and further to the second humidification block 5, thus it is supplied to an 
air pole of the fuel battery main body. The off gas containing moisture discharged 
from the air pole is guided into the humidifier for flowing in the direction opposite 
to the reactive gas, then exhausted outside through a off gas outlet 14. The 
cooling water which becomes hot after passing a cooling mechanism of the fuel 
battery main body 7 is guided into the second humidification block 5, for heating 



the humidifier. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The body of a fuel cell which introduces the fuel and air containing 
hydrogen and is generated according to electrochemical reaction, The gas after 
the reaction which carried out conduction of one of reactant gas and the bodies 
of a fuel cell to the aforementioned fuel supplied to the body of a fuel cell at least 
among air is contacted through the steam transparency film. The solid-state 



macromolecule form fuel cell characterized by being constituted so that some 
above humidification equipments [ at least ] may be heated with the refrigerant 
after conduction in the cooler style included in the body of a fuel cell in a solid- 
state macromolecule form fuel cell equipped with the humidification equipment 
which humidifies reactant gas. 

[Claim 2] Conduction of two or more humidification blocks is carried out one by 
one to the other end which above humidification equipment consists of a layered 
product of two or more humidification blocks, and the aforementioned reactant 
gas is introduced from the end of this layered product, and faces. The gas after 
the aforementioned reaction carries out conduction of two or more humidification 
blocks to reactant gas and hard flow one by one. And the solid-state 
macromolecule form fuel cell according to claim 1 characterized by constituting 
the aforementioned refrigerant after conduction in the cooler style so that 
conduction of at least one humidification block may be carried out in the direction 
of conduction of the gas after the aforementioned reaction. 
[Claim 3] The solid-state macromolecule form fuel cell according to claim 2 
characterized by for above humidification equipment allotting the humidification 
block with which the refrigerant after conduction is introduced in the gas and the 
cooler style after a reaction to the body side of a fuel cell, and forming it in the 
body of a fuel cell, and one. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the configuration of the 
humidification equipment of the reactant gas supplied to the body of a fuel cell 
with respect to a solid-state macromolecule form fuel cell. 



[0002] 

[Description of the Prior Art] Conductivity will fall and the electrolyte membrane 
(ion exchange membrane) used for the body of a fuel cell of a solid-state 
macromolecule form fuel cell will lose the function as an electrolyte, if it dries. 
Therefore, it is necessary to maintain an electrolyte membrane at a fixed 
moisture state in a solid-state macromolecule form fuel cell. For this reason, 
humidification equipment is attached to the body of a fuel cell, and, generally the 
method of supplying the reactant gas humidified with this humidification 
equipment to the body of a fuel cell, and holding an electrolyte membrane humid 
is taken. 

[0003] Reactant gas in the warm water held in the humidification approach of 
reactant gas at the humidification tank Through, The bubbling method and steam 
transparency film which are humidified by carrying out bubbling are minded. 
Reactant gas and warm water, for example, to the film humidifying method and 
pan which the cooling water used for cooling of the body of a fuel cell is 
contacted, and humidify it There is the off-gas humidifying method which the gas 
after the reaction which carried out conduction of reactant gas and the body of a 
fuel cell before carrying out conduction of the body of a fuel cell, i.e., off-gas, is 
contacted through the steam transparency film, and humidifies reactant gas as 
indicated by JP,6-132038,A. Since it will be necessary to keep a connection in 
the meantime warm separately if it dissociates although it is also possible to form 
the body of a fuel cell and humidification equipment in one, and to also constitute 
them in the film humidifying method and the off-gas humidifying method among 
these and for it to be possible, and to dissociate and to constitute, it usually forms 
in one and is constituted. 

[0004] If the body of a fuel cell and humidification equipment are unified and the 
off-gas humidifying method is applied, it is recyclable to the generation water 
accompanying the cell reaction included in off-gas, and the reactant gas which 
supplies heat of reaction to the body of a fuel cell. Therefore, since it is not 
necessary to supply the water for humidification from the exterior and and a lot of 



heat of vaporization is not taken at the time of humidification, it will be used with 
sufficient thermal efficiency. That is, an off-gas humidifier can be regarded as a 
kind of a heat exchanger which moves heat and a steam to coincidence, and if 
the reactant gas supplied to the body of a fuel cell and the off-gas after a reaction 
constitute the interior of a gas humidifier so that it may flow as counterflow, it can 
raise a humidity effect more. 

[0005] Drawing 3 is the decomposition perspective view showing the example of 
a basic configuration of the humidification eel of the humidifier used for the off- 
gas humidifying method like the above. A humidification eel consists of structure 
which pinches the steam transparency film 1 which allotted the diffusion layer 3 
to both sides with a separator 2, and a humidifier is constituted by carrying out 
the laminating of two or more humidification eels of this structure so that it may 
see in drawing, the passage which carries out conduction of the reactant gas 
supplied to the body of a fuel cell to one principal plane of a separator 2 -- 
moreover, the passage which carries out conduction of the off-gas after a 
reaction is formed in another principal plane, and the periphery section of a 
separator 2 and the steam transparency film 1 is equipped with 3 sets of 
conduction holes for installation for introducing and discharging the cooling water 
for reactant gas, off-gas, and temperature control, and the conduction hole for 
discharge. In this configuration, humidification processing of reactant gas is 
performed by carrying out conduction of the reactant gas to one side of the 
passage formed in the steam transparency film 1 side of the separator 2 of the 
pair which sandwiches the steam transparency film 1 , and carrying out 
conduction of the off-gas after reacting to another side. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the 
conventional solid-state macromolecule form fuel cell, by humidifying the reactant 
gas supplied to the body of a fuel cell using the off-gas humidifying method, the 
electrolyte membrane used for the body of a fuel cell is held humid, and 
conductivity is maintained. Thus, although a configuration is simplification and 



efficient also from the field of heat utilization since it is not necessary to introduce 
cooling water from the exterior like the film humidifying method if the off-gas 
humidifying method is used, in addition, the following solves and a trouble 
remains. 

[0007] That is, since it is little compared with the cooling water for which the 
water vapor content and heating value which are contained in the off-gas used as 
a source of humidification by the off-gas humidifying method are used by the film 
humidifying method, the humidification capacity of the off-gas humidifying 
method is low compared with the film humidifying method. Therefore, in order to 
obtain the humidification engine performance equivalent to the film humidifying 
method, it is necessary to enlarge area of the steam transparency film, and there 
is a difficulty that equipment becomes large-sized. 

[0008] This invention was made in consideration of the present condition of such 
a technique, and the purpose of this invention is to offer the solid-state 
macromolecule form fuel cell with which the predetermined humidification engine 
performance is obtained, even if humidification of the reactant gas by the off-gas 
humidifying method is performed more effectively, and the electrolyte membrane 
of the body of a fuel cell is held humid and does not enlarge humidification 
equipment. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
it sets to this invention. The body of a fuel cell which introduces the fuel and air 
containing hydrogen and is generated according to electrochemical reaction, The 
gas after the reaction which carried out conduction of one of reactant gas and the 
bodies of a fuel cell to the above-mentioned fuel supplied to the body of a fuel 
cell at least among air is contacted through the steam transparency film. In a 
solid-state macromolecule form fuel cell equipped with the humidification 
equipment which humidifies reactant gas (1) -- constituting the cooler style by 
which some above humidification equipments [ at least ] were built into the body 
of a fuel cell so that it may be heated with the refrigerant after conduction - 



carrying out - (2) - for example While carrying out conduction of two or more 
humidification blocks one by one to the other end which consists of layered 
products of two or more humidification blocks of this humidification equipment, 
introduces reactant gas from the end of this layered product, and faces Hard flow 
is made to carry out conduction of two or more humidification blocks for the gas 
after a reaction to reactant gas one by one, and a cooler style is carried out to 
making the conduction of at least one humidification block carry out the 
refrigerant after conduction in the same direction as the direction of conduction of 
the gas after the aforementioned reaction. 

[0010] (3) Suppose that the humidification block with which the refrigerant after 
conduction is introduced [ equipment / this / humidification ] in the gas and the 
cooler style after a reaction is further allotted to the body side of a fuel cell, and it 
forms in the body of a fuel cell, and one. The moisture content which penetrates 
the so-called steam transparency film of the off-gas humidification equipment 
which the gas after the reaction after carrying out conduction of reactant gas and 
the body of a fuel cell before carrying out conduction of the body of a fuel cell is 
contacted through the steam transparency film, and humidifies reactant gas is 
proportional to the steam part pressure deficit of membranous both sides, and if 
the water vapor content contained in the gas of a humidified side approaches a 
saturation state, the amount of transparency will fall. When temperature is too 
low, it stops moreover, producing transparency of the moisture which lets the 
steam transparency film pass, even if a lot of [ like the gas by the side of 
humidification produces condensation ] moisture is included since the amount of 
saturated steam becomes small so that the temperature of humidification 
equipment is low. Therefore, in order to raise the humidification engine 
performance, it is necessary to make temperature of humidification equipment 
high. On the other hand in the body of a fuel cell, a refrigerant is supplied to the 
incorporated cooler style, generation of heat accompanying electrochemical 
reaction is removed, it holds to the predetermined operating temperature, and the 
refrigerant which absorbed heat and became an elevated temperature is 



discharged. Therefore, if the cooler style of the body of a fuel cell is constituted 
so that off-gas humidification equipment may be heated with the refrigerant after 
conduction as shown in above (1), off-gas humidification equipment will be held 
at an elevated temperature, without introducing other heating means, and the 
high humidification engine performance will be obtained. 

[0011] Moreover, although off-gas humidification equipment generally consists of 
layered products of two or more humidification blocks At this time, as shown in 
above (2), conduction of the reactant gas for [ humidified ] is carried out to the 
other end which introduces and faces from the end of a layered product. If it 
carries out to making hard flow carry out conduction of two or more humidification 
blocks for the gas after the reaction for humidification to reactant gas one by one, 
and making the conduction of the cooler style carry out in the same direction as 
the direction of conduction of the gas after reacting at least one humidification 
block in the refrigerant after conduction It is as few as the upstream of the 
reactant gas for [ humidified ] to the moisture content contained in the gas after 
the reaction for humidification, and it increases as the downstream. Moreover, 
the temperature of a humidification block of the upstream of the reactant gas for 
[ humidified ] becomes low, and, in the downstream, temperature becomes high 
at coincidence. Therefore, also in the moisture content contained in the gas for 
humidification, it will be more effectively humidified by the downstream also in 
temperature. In the off-gas humidification equipment of this configuration, 
although the upstream of the reactant gas for [ humidified ] has the low 
humidification engine performance compared with the downstream, since the 
upstream is close to the inlet of dry reactant gas, there are few moisture contents 
contained in the reactant gas for [ humidified ], and its steam partial pressure is 
low. Therefore, reactant gas is effectively humidified as the humidification engine 
performance is low. In addition, although the electrolyte membrane of the body of 
a fuel cell and the same ion exchange membrane are usually used for the steam 
transparency film, since the steam transmission coefficient of this ion exchange 
membrane falls so that moisture content is small, the fall of the amount of 



humidification is suppressed, so that temperature is low. Moreover, it is 
humidified by the high humidification engine performance in the downstream of 
the reactant gas with which the moisture content contained by humidification 
progressing increased, and the steam partial pressure rose. With the off-gas 
humidification equipment of this configuration, since humidification is effectively 
performed from the upstream of reactant gas to the downstream in this way, 
even if it does not enlarge equipment, the necessary humidification engine 
performance will be obtained. 

[0012] Furthermore, if this humidification equipment is formed in the body of a 
fuel cell, and one like the above (3), loss of the heating value of the refrigerant 
from the body of a fuel cell is not only controlled by the minute amount, but since 
humidification equipment is heated by heat conduction from the hot body of a fuel 
cell, equipment with sufficient thermal efficiency will be obtained, and it will be 
further constituted by the compact. 
[0013] 

[Embodiment of the Invention] Drawing 1 is the flow Fig. showing the body of a 
fuel cell and the reactant gas network of humidification equipment in the example 
of the solid-state macromolecule form fuel cell of this invention, and a water 
system. In this example, humidification equipment is constituted as a layered 
product of two blocks, the 1st humidification block 4 and the 2nd humidification 
block 5, and is connected with the body 7 of a fuel cell which consists of a 
layered product of two or more cell eels through the spacer 6. 
[0014] In the solid-state macromolecule form fuel cell of this example, the air 
supplied as reactant gas is humidified using the off-gas from an air pole, and the 
method supplied without humidifying another fuel is taken. That is, from the 
reactant gas inlet port 1 1 , the air as reactant gas is sent to the body 7 of a fuel 
cell by the air supply opening 12, after being introduced further to the 2nd 
humidification block 5 and carrying out conduction of each humidified gas 
passageway, the 1st humidification block 4 and. With the fuel which was sent to 
the air pole of each cell eel of the body 7 of a fuel cell, and was sent to the fuel 



electrode, reaction air causes electrochemical reaction and contributes to a 
generation of electrical energy. The air pole off-gas discharged from an air pole 
contains the produced water produced with the generation of electrical energy, 
and after being used for humidification of the air which carries out conduction of 
the 2nd humidification block 5 and the humidified gas passageway which is 
further sent to the humidification gas passageway of the 1st humidification block 
4, and faces through the steam transparency film 1 to hard flow from the body 7 
of a fuel cell through the air off-gas exhaust port 13, it is discharged from the off- 
gas outlet 14. On the other hand, the fuel sent to a fuel electrode is introduced 
into the body 7 of a fuel cell from the fuel feed hopper 15, and after it carries out 
conduction of each cell eel, it is taken out by the exterior of the body 7 of a fuel 
cell through the fuel off-gas exhaust port 16. 

[0015] Moreover, with the configuration of this example, the cooling water 
discharged from the body 7 of a fuel cell is sent to the 2nd humidification block 5 
of humidification equipment, and is used for heating. Namely, the cooling water 
which flowed the cooler style inside the body 7 of a fuel cell, absorbed generation 
of heat accompanying electrochemical reaction, and was heated by the elevated 
temperature from the cooling water inlet 17 After supplying the 2nd humidification 
block 5 of humidification equipment through the cooling water exhaust port 18 
and contributing to heating of the 2nd humidification block 5, the passage of the 
periphery section of the 1st humidification block 4 which adjoins the 2nd 
humidification block 5 is flowed, and it is discharged outside from the outflow of 
cooling water 19. Therefore, the cooling water discharged from the body 7 of a 
fuel cell is used only for heating of the 2nd humidification block 5, and is not 
directly used for heating of the 1st humidification block 4. 
[0016] Drawing 2 is the decomposition sectional view showing the basic 
configuration of the humidification equipment of the example shown in drawing 1 , 
and the reactant gas network and the water system are shown all over drawing at 
coincidence. In addition, the structure of the humidification eel which constitutes 
the 1st humidification block 4 and the 2nd humidification block 5 is the same as 



that of what was shown in above-mentioned drawing 3 , and the diffusion layer 3 
inserted between the steam transparency film 1 and a separator 2 is omitted in 
drawing 2 . The steam transparency film 1 is the electrolyte membrane of the 
body of a fuel cell, and the same ion exchange membrane, as already stated. 
Moreover, the separator 2 is formed with thermally conductive good carbon, and 
a diffusion layer 3 also consists of carbon paper. Furthermore, the spacer 6 
allotted between the 2nd humidification block 5 of humidification equipment and 
the body 7 of a fuel cell is also formed with the same carbon as a separator 2. 
[0017] With both the configurations of drawing 2 , the 1st humidification block 4 
and the 2nd humidification block 5 consist of a humidification eel of two sheets, 
and are connected with the separator 2 in the meantime. Moreover, to the steam 
transparency film 1 and a separator 2 being arranged by turns, by the 2nd 
humidification block 5, the separator 2 of two sheets adjoins, and is allotted, the 
passage for carrying out conduction of the hot cooling water discharged from the 
body 7 of a fuel cell in the meantime is formed, and heating of the 2nd 
humidification block 5 is performed by this with the 1st humidification block 4. 
[0018] In addition, although two humidification blocks which consist of 
humidification eels of two sheets constitute humidification equipment from both 
this examples, the number of the humidification blocks which constitute 
humidification equipment, and the number of the humidification eels which form 
each humidification block are not limited, and are selected corresponding to the 
service condition of the solid-state macromolecule form fuel cell. Moreover, 
although air pole off-gas and humidified gas are made into reaction air for 
humidification gas in this example, it is possible for this invention not to be limited 
to this, but to choose air pole off-gas or fuel electrode off-gas, and humidified gas 
from reaction air or fuel gas, and to carry out humidification gas in the 
combination of arbitration. 
[0019] 

[Effect of the Invention] As mentioned above, it is the body of a fuel cell which 
introduces the fuel and air containing hydrogen in this invention, and is generated 



according to electrochemical reaction. And the body of a fuel cell which has the 
cooler style which carries out conduction of the generation of heat accompanying 
a reaction, and removes a refrigerant, The gas after the reaction after carrying 
out conduction of unreacted gas and the body of a fuel cell before carrying out 
conduction of the body of a fuel cell of one of reactant gas to the aforementioned 
fuel at least among air is contacted through the steam transparency film. A solid- 
state macromolecule form fuel cell equipped with the humidification equipment 
which humidifies unreacted gas to claim 1 and a pan Since it would be lost that 
the part where the amount of steam transparency is inadequate occurs to 
humidification equipment since it constitutes like claims 2 and 3, humidification of 
reactant gas will be performed more effectively and the electrolyte membrane of 
the body of a fuel cell will be held humid Even if it does not enlarge humidification 
equipment, the solid-state macromolecule form fuel cell with which the 
predetermined humidification engine performance is obtained will be obtained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The flow Fig. showing the body of a fuel cell and the reactant gas 

network of humidification equipment in the example of the solid-state 

macromolecule form fuel cell of this invention, and a water system 

[Drawing 2] The decomposition sectional view showing the basic configuration of 

the humidification equipment of the example shown in drawing 1 

[Drawing 3] The decomposition perspective view showing the example of a basic 

configuration of the humidification eel of the humidifier by the off-gas humidifying 

method 

[Description of Notations] 
1 Steam Transparency Film 



2 Separator 

3 Diffusion Layer 

4 1st Humidification Block 

5 2nd Humidification Block 

6 Spacer 

7 Body of Fuel Cell 

1 1 Reactant Gas Inlet Port 

12 Air Supply Opening 

13 Air Off-gas Exhaust Port 

14 Off-gas Outlet 

15 Fuel Feed Hopper 

16 Fuel Off-gas Exhaust Port 

17 Cooling Water Inlet 

18 Cooling Water Exhaust Port 

19 Outflow of Cooling Water 
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^x»tti:7k»tt*^-r7a-ia-ps«. *3*asMtcfe 
m mmmum i aa^p •> ❖ 4 i«2 jpa^p 
775 ©-o©7p » toimmfot L-cmmsnTts 
y s a»©«5fi-b;u©8iif*«fc y a«»4«>te*ft 7 

6 ltjpsb* nr^*. 
[0 0 14] *HM©H1*?S^?^»«^icfc^i: 
its R(S^tLT«fSf*ffi**a«Sfi v 5©*7* 

x^ffl^T»pau, ta-srottSHttJipaL&^-wftis 

a»is ejs^xap 1 1 <fc y » 1 flpa^p ^7 4, * 
s ten 2 npa7p ■> 7 5 '\<t2SA* n> *n^ft©«ap 

a^3W*a3KLfe©-6ffllKttl6P 1 2«fcyflSPMt56 

*<*7 icjsen^o sisa^tiW4mjWi*7©«54 

-b;l/©^«ffi'\<hiM5n, TOffi^enfdWii:^ 

jc«»{b^EiB5*taE:LTSSWc»4-rs. ffi«ffi«fcy 



(4) 
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7 <fc U Jg 2 SPS^P y •? 5 , * S EE 1 2fl 
S^p y ? 4 05SnS*fX3iEK / N<!:2S5 n v ^aStiSaB 

[0 0 15] *fc, **««!lfl!)*J9Ttt. flS»»fi*# 

7 j: y #tij*ftfc)&s]*tf apa»a<oa 2 jna^p y * 
s^gsfts jpsftKfflf s*iT^*. tftfc"5> 5$ai7j< 

fc*ap*tt» ESbWMini 8^aLTDP>Igl©ll2 

jpa^p y * 5 'Niffi^* n s a 2 jpffl^p y * 5 rofip 
SftK#^Lfe©*» S2nna^pv^5KBii» , r«si 
ina^p y f 4<Da«»®a»*aftT>&si;actiip 1 9 

y mmt nfc^iP7w*m2 upa^p y * 5 ©upa^©* 
ffl^en, «iipa^P'>^4©jpjft(cttB«ffl^5n 

TVftlA, 

[0016] mm. mMc^Ltcmam<omm&M.<o 

swteirwcjMW^ftT^*. ftfc- muraa^p 
y ^ 4 6 il«|2 upa^p y * 5 «mr sspa-tr/u© 

lis TfcHftSifiMl £*/fl/-*2£fl!>nfc»A.*ft* 
ffiflfcJl 3 tftfl&*ftTl/>3. Tkaaaaa 1 liBEteiaV* 

?ss. wis-* ut$t<m&D*vti-*> 
fc£ y fl&s* nrs y s &aa 3 
y**. *sk, jpasi©JS2jpa^py^5t«» 
aa*ft7©nwe*ftfcX'<— 9— 6ti, toils-* 

[0017] Ri2®ttjS?l& »iaia^ny*4t* 

2 jpa^'p y 5 t,ic 2 ttcspa-b/u* y * y > * 
<oiHtt-fe/<u-*2icj:yais*ftTf«. si 
una^p v ^ 4?tt*a*aa«t 1 tto%\s-* i&st 
mzwm^tix^(D\m lt. m2 ma^p ■> 7 5 ? 

tt2i|*<D*/f 2 tf««LTE*fts ^<DfB[c»4 

«>a*«: 7 cfc y sua* nfc»a©^sp**a9iE* -ssfc 
46©afE»3fWgj«* ftr s y , c ntc * ? ts 2 upa?" p 

y 7 5 ©jPSfttffrfoftSo 

[0 0 18] ft£5, **««07»f*. <t^[C2^0l)Pa-fe 
/U J: y a*=O(0ftia^n •> * * y Aiaita&MA L 

toaaafcfctfTsflpa^py*©** fc* 
traflpa7py*^^t«apa*/[/©a«:»£*fta 



a#x*ffi»a*7^» «&pa^*sjiSffiSii:LT 

*7#X£«aW*7#X©^rft!&\ 
[00 19] 

*S/u£iWB£ffi»**A LTa«fb£E(Sfc <fc y £tt 
*5«Haa*ttT\ fro, ^fcf|£?aa*S«*a 

auTi^*-3^a«**T3raBaa*tt^ mib 

*f*taatLfeftfl!)Ei6a©^**aiKafflJi*^L 
T»a*tf7\ *5j6<0#;**iipa , rsnnaei*aa. 
4H#s»?jgtt!««a*v ««ai» *6»c«. it* 
a2 s 3<Dzt<m®t%z.£tLtcO)T\ uasBK 
#a«aaa©*^ft»tt#a£?" * ztm<% 
y , sj£#*©»]a# * y 5&jhw w^nT^m^* 
#©a»a«^aaKfiat* ft* c t t&?tc<DT\ m 
aaa**sfb l % < ct *;RFf5tc7> DpattM*M# 5 ft* a 

ft a#?™«)ti*M#6 ft * c £ t ft -p fc„ 

[Si®c7)ffijPfti5i0^] 

* <t jnasa® »« <t ^ 

"T7P-H 

[H2] HHc^Lfesasflijtoiinaeics**^*^ 
m 3 ] *7 ^xspaatc £ saiattoAia-feji'aa* 
[^^c7)m0^] 

1 Tjc^MJiji^ 

2 -fe/tL — 5t 

3 ttfca 

4 miSPl7'py7 

5 a2»a^py^ 

6 X^— 9— 
7 

1 1 mstSTsAD 
1 2 fi*0ttep 
1 3 ffi**7«ZSPWP 
1 4 ^7^XtUP 



1 6 



